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(54) Pneumatic tires 

(57) A pneumatic tire comprises a carcass (6) of at 
least one rubberized ply of a radial arrangement, a belt 
(7) comprised of two or more cross cord layers, and a 
pair of thick reinforcing strip rubbers (8) located at an 
inner face side of the carcass and having a crescent 
shape in section thereof. A bead filler rubber (9) and the 
reinforcing strip rubber (8) each have a specified J IS 
hardness at 25°C of not less than 70 degrees and a 
rebound resilience at 25°C of not less than 65%, and a 
ratio of J IS A hardness of the reinforcing strip rubber to 
J IS A hardness of the bead filler rubber is within a range 
of 0.9*1.15. 
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Description 

[0001] This invention relates to a pneumatic tire, and more particularly to a pneumatic radial tire of so-called run-flat 
type capable of runn,ng over a given distance at a state that an internal pressure is zero or slight near to zero due to 
522^ 9 P articular| y an excellent run-flat durability (running at a puncture state) 

I« 1 «. r "" 4lat ^ aradial tire (hereinafter referred to as a run-flat tire) is mainly used in vehicles such as passenger 
cars or the kka in wh.ch a load applied to the tire is relatively small, and is required to satisfy a condition that even if the 
^L*» ™ I punCtured durin 9 the rumin 9 of the ^hide on a general-purpose road or on an expressway at a high 
Tr^A h P f k V thS r* 85 *"^ rar can «Wy be run without damaging the steering stability and hence 
^ * V !T Y rm UP t0 3 P ' aCe Capabl6 excnan 9 in 9 the tire over a given distance, for example, 80-160 
the tirT Separat,n9 me tire out from ,he used rim (approved rim) even in the continuity of the running and breaking 

IT 31 „!? thiS end ' the mn " flat tireS having various structur es are proposed, occasionally, in a combination with a 
fully worked-out special rim. However, the combination with the special rim is too expensive and is lacking in the gen- 
eral-purpose use. but does not contribute to directly or indirectly improve the tire durability to an expected extent though 
there .s recognized an effect of preventing the separation of the tire from the rim. Therefore, the run-flat tire itself will be 
described with reference to examples below. 

[0004] In JP-A-55-68406 is proposed a pneumatic safety tire having an excellent running durability at puncture 
th ' Ck ; ubber -"dements having a crescent shape at its section is arrang'ed in an inner face of a 
portion of an innermost carcass ply located over a zone ranging from a bead portion through a sidewall portion to an 

st?l?M T P !? 0n r -.T,!" , P °£ fonS °' CarC3SS P ' ieS and haS a J,S hardness of at least 7 ° dashes, a tensile 
stress M 25 of not less than 10 kgf/cm 2 after an aging test in an inert environment of 140°C ± 1°C for 24 hours and a 

rebound resilience of not less than 65% through a Dunlop tripsometer 

i?^ 5 i JP - A - 1 - 278806 is Proposed a safety tire wherein a sidewall reinforcing rubber layer having a crescent shape 
at its section ,s arranged in an inner face of a sidewall portion and divided into inner layer portion, middle layer portion 

Til T' P ™ ' n , a r0tatinQ axia ' direCti0n ,° f the tire ' and a soft rubber havin 9 3 Shore A hardness of 50-70° 
a i; 00% A e ' On 3 ation « 1 °- 30 k 9 f/cm2 is ^'ied to each of fhe inner and outer layer portions, and a hart 
rubber having a Shore A hardness of 70-90° and a modulus at 1 00% elongation of 30-70 kgf/cm 2 is applied to the mid- 

P ° " and 3 b6ad *" rubber havin9 a Shore A hardne ss of 74-95° is further arranged 
£22 a ^. o t 17621 , 3 i$ Pr0P ° $ed 3 rUn " fla, P neumatic radjal tire wherein a carcass has an up-down structure of 
li J^iSfSIJ 8 2 Sr J! ye ' haVin9 3 CreSCent Shape at its section and made of rubber having a 100% modulus 
of not less than 60 kgf/cm 2 and a loss tangent at 100°C of not more than 0.35 is arranged inside the carcass ply in a 
srtewall portion, and a bead filler rubber having a JIS hardness of 60-80 degrees is further arranged 

I hS2 rJZZtn^ 50 !! iS Pr0P ° Sed 8 pneumatic tire comprising carcass plies of uptown structure wherein 
a thick re.nforc.ng rubber having a crescent shape at its section and divided into a first inner reinforcing rubber layer and 

a ^i^^ 6 H ,n9 K rU ?f ^ ' ayer ^ 3 radia ' direCti ° n ° f the tire is arran9ed in an inner face of an inner carcass in 
SJS^oJTTJT? 5 < J mbber iS fUf1her arran96d ' and Sh ° re A hardn esses of these rubbers are made 
h n™, * tSt re,nforan 9 rubber la yer, second reinforcing rubber layer and the bead filler rubber 

f T" 9 a,orementioned various Proposals, the run-flat tire having an excellent cost performance and hence 
Tn 9 l«l C \ m T ark8t a I mOSt iS 3 pneuma,ic radial tire comprising radial carcass plies of uptown structure 
develop ng an effect of rn.tigat.ng degree of collapse deformation during the running at the flat state as far as possible 
a pair of thick re.ntorc.ng rubber of hard and soft strips disposed at an inner face side of an innermost turnup ply from 
rr^ir K Sar A bead core in a bead P° rtion trough a sidewall portion to an end of a tread portion and having a 

™ Z k Se ,t° n ' and 3 hard ^ rubbef envebped be,ween turnu P P'V and down ply and extending 
from an outer peripheral face of the bead core up to a position near to a maximum width of the tire. The term "up-down 

. 1 8 P ' y StmCtUre ° f 2 ° r m ° re plies C0 ™P"*n9 a turnup ply wound around a bead core from 
7 ?T d "T* there ° f 8nd 3 d ° Wn P ' y enVel0pin9 *• tu ™P P'y ,0 ™ the outside. In such a tire, a rub- 

p^XiSSTSST steel ^ (ca,led as an insert ply) may be arran9ed in 8 20ne ran9in9 ,rom the bead 

[0009] This type of the tire is unavoidable to become higher in the cost as compared with general-purpose tires and 
rZ^Tl « f 7 e*^ 5 ™ vehic,es such as ^ car, sport-type car. high-grade passenger car and the like 
USE? c 6 mamly appHeS *° 3 low - se otion profile tire having an aspect ratio of not more than 55 

[001 0] Even in the tires having the above structures proposed in the aforementioned articles, however if the internal 

ESS IX ♦Mr"? 8 ?' 1 int °i er °- me $teerin9 Stability in ,he vehic,e run at a ni 9h speed is sufficiently ensured, but 
Sr^nSili i JSS^f running continuity at the run-flat state and the durability in the long-distance running 
costtsfar as Sbte * S ' ^ '° P ^ m ° re improving the run " ,,at durability while ensuring a low 

[001 1] A main trouble form relating to the run-flat durability, which has been observed up to the present, is that as the 
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running at the flat state proceeds, a nucleus for separation failure is caused between the bead filler rubber and the tur- 
nup ply (inner ply) neat to the bead portion, and then the separation nucleus grows up to the position of maximum width 
in the sidewall portion, and hence a remarkably large crack is caused in the thick reinforcing strip rubber located slightly 
outward from the maximum width position toward the tread portion to finally cause the tire breakage not conducting the 
5 running continuity. 

[0012] It is, therefore, an object of the invention to provide a pneumatic tire not only guaranteeing the safe running of 
a vehicle such as passenger car or the like at a time of causing rapid air removal due to puncture or the like but also 
improving the tire durability continuously running at the flat state to an extent satisfied by users as a run-flat tire. 
[001 3] According to the invention, there is the provision of a pneumatic tire comprising a carcass comprised of at least 

io one rubberized cord ply of a radial arrangement reinforcing a pair of sidewall portions and a tread portion between a 
pair of bead cores embedded in a pair of bead portions, a belt comprised of two or more cross cord layers reinforcing 
the tread portion on an outer periphery of the carcass and a pair of thick reinforcing strip rubbers having a crescent 
shape at section thereof and located at an inner face side of an innermost carcass ply so as to extend from a position 
near to the bead core through the sidewall portion to an end of the tread portion, an improvement wherein each of the 

is bead filler rubber and the reinforcing strip rubber has a J IS A hardness at 25°C of not less than 70 degrees and a 
rebound resilience at 25°C of not less than 65% and a ratio of J IS A hardness of the reinforcing strip rubber (Hs(R)) to 
JIS A hardness of the bead filler rubber (Hs(F)) is within a range of 0.9-1.15. 

[0014] The term "carcass" used herein includes a case that the carcass comprises only a turnup ply wound around 
the bead core from inside of the tire toward outside thereof and a case that the carcass comprises the turnup ply and a 

20 down ply enveloping the turnup ply together with a bead filler rubber from the outside of the turnup ply (two or more car- 
cass plies). In case of the turnup ply, there are included a case that the turnup end is located in a zone ranging from the 
bead portion to the sidewall portion, a case that the turnup end is located between the belt and the outermost carcass 
ply in the tread portion (so-called first envelop structure), and a case that the turnup end is located at the outside of the 
belt in the radial direction of the tire (so-called second envelop structure). 

25 [001 5] As the cord for the carcass ply. use may be made of organic fiber cords such as polyester cord, rayon cord or 
the like, and inorganic fiber cords such as steel cord or the like. The detail of the steel cord will be mentioned later. 
[0016] The measurements of JIS A hardness and rebound resilience are according to Spring Type Hardness Test 
(Type A) in "Hardness Test" and "Rebound Resilience Test" described on "Physical Testing Methods for Vulcanized 
Rubber" of JIS K6301-1995. respectively. 

30 [0017] In preferable embodiment of the invention, it is practically effective to define a relationship between the bead 
filler rubber gauge and the reinforcing strip rubber gauge. That is, a ratio of maximum gauge Gp (mm) of full bead filler 
rubber as measured in a normal direction drawn to an outer surface of the innermost carcass ply in the vicinity of the 
outer periphery of the bead core to maximum gauge G R (mm) of full reinforcing strip rubber as measured in a normal 
direction drawn to an inner surface of the innermost carcass ply in the vicinity of the maximum width position of the tire 

35 is within a range of 0.5-0.9. 

[0018] The invention will be described with reference to the accompanying drawings, wherein: 

Fig. 1 is a diagrammaticaliy left-side section view of an embodiment of the pneumatic tire according to the inven- 
tion; 

40 Fig. 2 is an X-ray photograph schematically illustrating one rubberized steel cord for the carcass ply; 
Fig. 3 is an X-ray photograph schematically illustrating only the steel cord shown in Fig. 2; 

Fig. 4 is a graph showing a relationship between ratio ol hardness of reinforcing strip rubber to hardness of bead 
filler rubber and running distance on drum; 

Fig. 5 is a diagrammaticaliy left-side section view illustrating trouble places of the tire shown in Fig. 1 ; 
45 Fig. 6 is a graph showing a relationship among rebound resilience, running distance on drum and maximum tem- 

perature of bead filler rubber; 

Fig. 7 is a graph showing a relationship between ratio of maximum gauge of reinforcing strip rubber to maximum 
gauge of bead filler rubber and running distance on drum; 

Fig. 8 is a graph showing values obtained by dividing the running distance on drum shown in Fig. 5 by total weight 
so of reinforcing strip rubber and bead filler rubber; and 

Fig. 9 is a graph showing a relation between flexing ratio and run-flat durability. 

[0019] Fig. 1 shows a diagrammaticaliy left-half section view of an embodiment of the pneumatic radial tire for pas- 
senger car according to the invention. Fig. 2 shows an X-ray photograph schematically illustrating one steel cord and 
55 rubber (shown by shadowed region) existing in steel filaments of the cord for the carcass ply. and Fig. 3 shows an X-ray 
photograph schematically illustrating only the steel cord after the removal of the rubber portion in Fig. 2. 
[0020] In Fig. 1, the pneumatic radial tire for passenger car (herein-after referred to as a tire) 1 comprises a pair of 
bead portions 2 (only one side is shown), a pair of sidewall portions 3 (only one side is shown), a tread portion 4 extend- 
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ing between the sidewall portions 3. a carcass 6 comprised of at least one rubberized cord ply of a radial arrangement 
reinforcing the above portions 2. 3, 4 between a pair of bead cores 5 embedded in the bead portions 2, two plies in the 
illustrated embodiment, and a belt 7 reinforcing the tread portion 4 on the outer periphery of the carcass 6. 
[0021] The carcass 6 of the illustrated embodiment are comprised of a turnup ply 6-1 wound around the bead core 5 
froni inside of the t.re 1 toward outside to form a turnup portion 6-1 u and a down ply 6-2 terminated in the vicinity of the 
bead core 5 at the outs.de of the turnup ply 6-1 . In the up-down carcass 6 of the illustrated embodiment the turnup ply 
6-1 is an innermost carcass ply. As the carcass 6. however, there may be taken various ply structures such as only one 
urnup ply 6-1 combination of two turnup plies and one down ply. combination of one turnup ply and two down plies and 
the like though the illustration of such a combination is omitted. 

[0022] When the carcass 6 is comprised of only one turnup ply 6-1, an end 6-1 uE of the turnup portion 6-1 u is 
located in a zone ranging from a position near to the bead portion 2 to a position of a region of the belt 7 in the tread 
portion 4. The end 6-1 uE of the turnup portion 6-1 u in the region of the belt 7 is located between the belt 7 and the ply 
6- or between the belt 7 and a tread rubber 8. The latter type is particularly called as an envelop carcass 6 The end 
6-1uE of the envelop carcass 6 is located at any position in the region of the belt 7. but it is desirable to be located in 
the vicinity of an equatorial plane E of the tire as far as possible considering the improvement of bending rigidity in the 
radial direction of the tire 1 . 

[ °^ 3 L if V, & P ' y ^ ° f * he ° arCaSS 6 ' there are 3 ^ 01 usin 9 or 9 anic fiber cord s such as polyester cord rayon 
cord and the l.ke, and a case of using steel cord. The use of the steel cord is particularly effective to the carcass having 

» S, T S ! U ^ re ° f ^ ° r m ° re PheS and the CarCass 6 of one P'y- The details ° f ,he ^eel cord are described later 
J i L ' S compr,sed of 2 or more cross «** 'avers, two cross cord layers in the illustrated embodiment 

desirably two cross steel cord layers 7-1. 7-2 and includes an organic fiber cord layer arranged on an outer periphery 
of the cross layers as shown by dotted lines in Fig. 1 , for example, a helically wound layer of 6,6-nylon 7-3 The steel 
cord cross ayers 7-1 . 7-2 have an arrangement that steel cords of these layers are crossed with each other with respect 

« 2 1" f U °, r o P ane ,f ° f thS tire ' in which the widtn of »» ^ 7 - 1 adjacent to the carcass 6 is wider than the width 
25 of the layer 7-2 in the illustrated embodiment. 

[0025] And also the tire 1 is provided at inner face sides of the turnup ply 6-1 of the carcass 6 with a pair of thick 
reinforcing strip rubbers 8 (only one side is shown) having a crescent shape at their sections inherent to the run-flat tire 

! HZl IT 9 Str ' P mbber 8 h3S 3 Shape that a 9auge * a central zone in tne radial direction of the tire is 8-16 mm 
and both end portions in the radial direction of the tire are tapered in order to stably support total weight of the vehicle 
during the running even at an internal pressure of zero to prevent the separation of the tire 1 from the approved rim to 
thereby prevent the breakage of the tire 1 and further maintain the running stability even at a time of rapid puncture dur- 
ing the running at a high speed of, for example, 80-160 km/h. 

[0026] In case of the tire 1 having the carcass 6 comprised of two turnup plies and one down ply, a thick reinforcing 
s rip rubber (not shown) is provided between an outer face of the outermost turnup ply and an inner face of the down 
ply in addition to the above thick reinforcing strip rubber 8 On the other hand, in case of the tire 1 having the carcass 
comprised of one turnup ply and two down plies, a thick reinforcing strip rubber (not shown) is provided between an 
innermost down ply and an outermost down ply in addition to the above thick reinforcing strip rubber 8 
[0027] In addition to the reinforcing strip rubber 8, a bead filler rubber 9 taperingly extending outward from an outer 
peripheral surface of the bead core 5 in the radial direction of the tire is disposed between the turnup ply 6-1 and the 
down ply 6-2^ The outer end of the bead filler rubber 9 in the radial direction extends up to at least a position of the max- 
imum tire width. Thus, the down ply 6-2 takes a form of enveloping the turnup ply 6-1 through the bead filler rubber 9 

l^l 1°<T • ThiS iS ,he 53016 in case rt the ^ turnu P P' ies ln the tire 1 h a vi n9 the carcass 6 of one ply 

the bead filler rubber 9 extends between the main body o the turnup ply 6-1 (ply extending between a pair of the bead 
cores 5) and the turnup portion 6-1 u along the main body of the ply 6-1 in the same manner as mentioned above More- 
ls over, numeral 1 0 is an irmerliner made of a halogenated butyl rubber having an air impermeability. In this case the tire 
i is a tubeless tire. 

[0028] Each of the reinforcing strip rubber 8 and the bead filler rubber 9 is required to have a JIS A hardness at 25°C 

Hsm /Sn fh 9 T a " reSiHenCe 31 25 ° C ° f n0t ' eSS than 65% Fur,ner " rt is re <> uired th * a ratio 

so 9 2 wttnTn a range of 0 9 M15* reinforcing strip rubber 8 to JIS A hardness Hs(F) of the bead filler rubber 

[0029] The reason why the above rubber properties and the ratio Hs(R)/Hs(F) are restricted to the above ranges will 
be described based on experimental results using a tire having a size of 225/60R1 6 as a representation of the passen- 
ger car tire below This tire has a structure shown in Fig 1 and polyester cords are used in the plies 6-1 . 6-2 of the car- 

C3SS 6. 

55 [0030] In a first experiment, a maximum gauge G R (details will be described later) and a height in radial direction of 
tire .n the re.nforc.ng str.p rubber 8 are 1 1 .0 mm and 135 mm, respectively, and a maximum gauge G F (details will be 
described later) and a height in radial direction of tire in the bead filler rubber 9 are 6.0 mm and 45 mm respectively 
and the re.nforc.ng strip rubber 8 has a JIS A hardness of 80 degrees and a rebound resilience of 70% while the ratio 
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Hs(R)/Hs(F) is 4 levels, in which a conventional tire P has a lower limit of 0.88 (value of Hs(F) is 90 degrees), an exper- 
imental tire Q has a value of 1 .00, an experimental tire R has a value of 1 . 10, and an experimental tire S has an upper 
limit of 1.20. 

[0031] The comparative evaluation of the run-flat durability is conducted by pushing each of the conventional tire P 
5 and the experimental tires Q, R and S on a drum rotating at a peripheral speed of 90 km/h under an internal pressure 
of zero and a load of 570 kgf corresponding to a total vehicle weight to be mounted with each of these tires P, Q, R and 
S. The evaluation is based on a running distance (km) until the occurrence of tire trouble, which is represented by an 
index on the basis that the running distance of the conventional tire P is 100. The larger the index value, the better the 
tire durability. As a result, the index value of the experimental tire Q is 140 and that of the experimental tire R is 130. 
io while that of the experimental tire S is only 70. These index values are shown by mark O in F »9 4 and connected to 
each other as a smooth curved line. 

[0032] As seen from Fig. 4, in order to obtain the run-flat durability exceeding that of the conventional tire P. it is 
required that the value of the ratio Hs(R)/Hs(F) is within a range of 0.9-1 .15. 

[0033] The maximum gauge G R of the reinforcing strip rubber 8 of 10.0 mm and the maximum gauge G F of the bead 
75 filler rubber G F of 6.0 mm should be regarded to be an upper limit gauge for stopping the increase of tire weight against 
that of the usual tire weight to minimum as far as possible. In order to ascertain universality of the first experiment, the 
test for the run-flat durability on the drum under the same test conditions as mentioned above is conducted as a second 
experiment by using an experimental tire T corresponding to the conventional tire P. an experimental tire U correspond- 
ing to the experimental tire Q and an experimental tire V corresponding to the experimental tire R wherein the J IS A 
20 hardness and rebound resilience of the reinforcing strip rubber 8 are 80 degrees and 70%. and the maximum gauge 
G R of the reinforcing strip rubber 8 is 12.0 mm (height is the same as 135 mm), and the maximum gauge G F of the bead 
filler rubber 9 is 8.0 mm (height is the same as 45 mm). 

[0034] The value of the ratio Hs(R)/Hs(F) is 0.88 in the experimental tire T, 1 .00 in the experimental tire U and 1.10 
in the experimental tire V. As a result of this test representing the running distance on the drum by an index on the basis 
25 that the conventional tire P is 100, the experimental tire T shows 125, while the experimental tires U and V show high 
levels of 1 78 and 1 64. respectively, which proves the reasonability of the first experiment in view of the inclusion of peak 
point in the experimental tire U. These index values are by mark □ in Fig. 4 and connected to each other as a smooth 
curved line (dotted lines). 

[0035] Referring to Fig. 5, in the conventional tire P and the experimental tire T, strain concentrates between the bead 
30 filler rubber 9 having a higher rigidity and the turnup ply 6-1 of the carcass 6 because the hardness Hs(F) of the bead 
filler rubber 9 is largely harder than the hardness Hs(R) of the reinforcing strip rubber 8 as the value of the ratio 
Hs(R)/Hs(F) is 0.88. As a result, it has been confirmed that a nucleus of ply separation is caused as shown by dotted 
lines b in Fig. 5, and the ply separation grows outward from the separation nucleus b in the radial direction of the tire 
and finally cracks are caused in a portion shown by symbol c in Fig. 5 to bring about the breakage of the tire, which is 
35 impossible to continue the running. 

[0036] On the other hand, as shown in the experimental tire S. when the hardness Hs(R) of the reinforcing strip rubber 
8 is too harder over the limit as compared with the hardness Hs(F) of the bead filler rubber 9, the rigidity of the reinforc- 
ing strip rubber 8 is largely higher than the rigidity of the bead filler rubber 9. so that strain concentrates between the 
reinforcing strip rubber 8 and the turnup ply 6-1 of the carcass 6. Consequently, a nucleus of ply separation is caused 
40 at a position a shown by dotted lines in Fig. 5, and the ply separation grows outside from the separation nucleus a in 
the radial direction of the tire likewise the above case and finally cracks are caused in a portion shown by symbol c in 
Fig. 5 to bring about the breakage of the tire, which is impossible to continue the running. 

[0037] When the difference of rigidity between the reinforcing strip rubber 8 and the bead filler rubber 9 sandwiching 
the turnup ply 6-1 is large during the running of the tire 1 at a flat state under loading, divergence is caused between 
45 the mutual rubbers 8 and 9. When the divergence is large, a large shearing strain is concentrically applied to the turnup 
ply 6-1 to create the aforementioned separation nuclei a, b. 

[0038] On the other hand, in case of the experimental tires Q, R, U. V, the hardness Hs(R) of the reinforcing strip rub- 
ber 8 and the hardness Hs(F) of the bead filler rubber 9 are maintained at a proper balancing state, so that a proper 
rigidity distribution is attained between the mutual rubbers 8 and 9. As a result, strain concentration is not caused in the 
so dotted line portions a, b and hence the nuclei a. b of ply separation are not created and the separation outward in the 
radial direction of the tire does not grow and cracks are caused only in the portions shown by marks c. d alone. This 
largely delays the time of creating cracks in the portions c, d. so that the running distance on the drum may largely be 
extended by 20-40% as compared with that of the conventional tire P and the experimental tire T and hence the run-flat 
durability is largely improved. 

55 [0039] When the tire 1 is run at the flat state under loading, opposed portions of the reinforcing strip rubber 8 and the 
bead filler rubber 9 sandwiching the turnup ply 6-1 are apt to be high temperature due to the increase of heat generation 
quantity, so that it is particularly important to prevent blow-out failure of the bead filler rubber 9 due to such a high tem- 
perature. As a third experiment, the running distance on the drum and maximum temperature ( C C) inside the bead filler 
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rubber 9 are measured under the same conditions as in the first experiment by using a tire 1 provided with a bead filler 
rubber 9 hav/ing three kinds of rebound resilience at 25°C of 50%, 65% and 80% as represented by the experimental 
tire Q. The results are shown in Fig. 6. 

[0040] In Fig. 6, a left-side ordinate shows the running distance on the basis that the conventional tire P is 100 and 
a right-side ordinate shows a maximum temperature pC) inside the bead filler rubber 9. As seen from Fig 6 when the 
rebound resilience is less than 65%, the degree of decreasing the running distance on the drum is remarkable and also 
the temperature rising degree of the bead filler rubber 9 is conspicuous. In order to prevent the blow-out failure of the 
bead filler rubber 9 due to the higher temperature, it is required to restrict the maximum temperature to not higher than 
150°C. while in order to ensure the running distance on the drum of not less than 140 as an index value it is required 
to restrict the rebound resilience of the bead filler rubber 9 to not less than 65%. Of course, this is applied to the case 
of the reinforcing strip rubber 8 though the illustration is omitted. 

[0041] Although the above is described with respect to one kind of the passenger car tire 1 . when the same experi- 
ments are repeated to the other various sizes of the tire, all of the results are the same as described above As to at 
least passenger car tire 1. therefore, the run-flat durability of the tire is largely improved when each of the reinforcing 
strip rubber 8 and the bead filler rubber 9 has a J IS A hardness at 25°C of not less than 70 degrees and a rebound resil- 
ience at 25»C of not less than 65%. and the ratio Hs(R)/Hs(F) of hardness Hs(R) of the reinforcing strip rubber 8 to hard- 
ness Hs(F) of the bead filler rubber 9 is within a range of 0.9-1 . 1 5. 

[0042] Referring to Fig. 1 . it is practically effective to more improve the run-flat durability when the ratio G F /G R of max- 
imum gauge G F (mm) of full bead filler rubber 9 as measured in a normal direction drawn to an outer surface of an inner- 
most turnup ply 6-1 in the vicinity of the bead core 5 to maximum gauge G R (mm) of full reinforcing strip rubber 8 as 
measured in a normal direction drawn to an inner surface of the innermost turnup ply 6-1 in the vicinity of a line segment 
connecting positions M of a maximum tire width (only one side is shown) is within a rage of 0.5-0.9. 
[0043] The maximum gauge G R (mm) of the full reinforcing strip rubber 8 used herein means that when the carcass 
6 comprises two turnup plies and has also a reinforcing strip rubber (not shown) between the two plies there is used a 
total value obtained by adding gauges (mm) of these reinforcing strip rubbers, while when the carcass comprises two 
down phes and also has a reinforcing strip rubber (not shown) between these plies, there is used a total gauge G R (mm) 
obtained by adding gauges (mm) of these reinforcing strip rubbers. The maximum gauge G F (mm) of the full bead filler 
rubber used herein means a total gauge G F (mm) obtained by adding gauges of bead filler rubber portions even when 
the bead filler rubber is divided into two or more portions. 

[0044] It is favorable that positions of the maximum gauge G R (mm) and the position of the maximum gauge G F (mm) 
are defined as follows. As to the position of maximum gauge G R (mm), a portion of the maximum gauge G R (mm) is 
located within a range of sum of heights (h 1+ h 2 ), wherein with respect to a height H (mm) of the position M correspond- 
ing to the maximum t.re width as measured from a bead base line BL parallel to the rotating axis of the tire and passing 
through an intersect between an extension line of a bead base Bb and an extension line of a surface of a lower part of 
the bead portion 2 contacting with a flange of a rim in Fig. 1 , a height h, from a line segment connecting the positions 
of the max'mum tire width outward in the radial direction of the tire is 0.6H and a height h 2 from the above line seg- 
ment inward in the radial direction of the tire is 0.3H. Then, as to the maximum gauge G F (mm), as shown in Fig 1 a 
maximum height J (mm) as measured from an outer peripheral surface of the bead core outward in the radial direction 
of the tire is placed within a range corresponding to 0.3 times the height H (mm) of the position M of the maximum tire 
40 width. 

[0045] In the running of the tire 1 at the flat state under loading, when the ratio G F /G R is less than 0 5 the degree of 
flex deformation of the bead filler rubber 9 in the vicinity of symbol d (see Fig 5) is larger than the degree of flex defor- 
mation of the reinforcing strip rubber 8 in the vicinity of symbol c (see Fig. 5), and hence a premature failure is caused 
in the bead filler rubber 9 near to the symbol d While, when the ratio G F /G R exceeds 0.9, the degree of flex deformation 
of the reinforcing str.p rubber 8 in the vicinity of symbol c is larger than the degree of flex deformation of the bead filler 
rubber 9 in the vicinity of symbol d, and hence a premature failure is caused in the reinforcing strip rubber 8 near to the 
symbol c. 

[0046] On the contrary, when the ratio G F /G R is within a range of 0.5-0.9, the degree of flex deformation of the rein- 
forcing strip rubber 8 in the vicinity of symbol c is properly balanced with the degree of flex deformation of the bead filler 
rubber 9 in the vicinity of symbol d, whereby the run-flat running distance is made longest. This means that strain 
becomes substantially equal between the reinforcing strip rubber 8 near to the symbol c and the bead filler rubber 9 
near to the symbol d and trouble of rubber in the vicinity of the symbol c and trouble of rubber in the vicinity of the sym- 
bol d are caused substantially at the same time. 

[0047] As a fourth experiment, the value of the ratio G F /G R is changed while using the same tire size, load condition 
and peripheral speed as in the first experiment to measure the running distance on the drum at the run-flat state The 
results are represented by an index on the basis that the control tire is 100 and shown in Fig. 7. Further values calcu- 
lated by dividing the index of the run-flat running distance in the changed value of the ratio G F /G R by total weight (kgf) 
= weight of reinforcing strip rubber 8 (kgf) + weight of bead filler rubber 9 (kgf) are represented by an index on the basis 
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that the control tire is 100 and shown in Fig. 8. In addition, gauges G F (mm), G R (mm), ratio G F /G R , index of running 
distance, various weights (kgf), (index of running distance)/total weight (kgf) and the like are shown in Table 1 . 



Table 1 



Experiment No. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


Maximum gauge G R 
(mm) 


11.0 


11.0 


11.0 


11.0 


11.0 


13.0 


13.0 


13.0 


13.0 


Maximum gauge G F 
(mm) 


5.0 


6.0 


7.0 


9.0 


11.0 


6.0 


7.0 


9.0 


11.0 


nailO vjp/vjjR 


f\ ACL 


U.OO 




f\ DO 

0.82 


1 .00 


0.46 


0.54 


0.69 


0.85 


Running distance 

f index} 

III IU6A/ 


100 


120 


130 


130 


120 


150 


170 


186 


184 


Weight of rubber 8 
(kgf) 


2.80 


2.80 


2.80 


2.80 


2.80 


3.31 


3.31 


3.31 


3.31 


Weight of rubber 9 
(kgf) 


0.39 


0.47 


0.55 


0.71 


0.86 


0.47 


0.55 


0.71 


0.86 


Total weight (kgf) 


3.19 


3.27 


3.35 


3.51 


3.66 


3.78 


3.86 


4.02 


4.17 


Distance/total weight 


31.35 


36.70 


38.81 


37.04 


32.79 


39.68 


44.04 


46.27 


44.12 


Distance/total weight 
(index) 


100.0 


117.1 


123.8 


118.1 


104.6 


126.6 


140.5 


147.6 


140.8 



[0048] The steel cord applied to the ply 6-1 (one ply inclusive of envelop) and plies 6-1 , 6-2 (up-down structure) in the 
carcass 6 is described in detail below. 
30 [0049] The steel cord has a twisting structure of 1 x n or 1 + n wherein n is an integer of 2-7. A diameter of a steel 
filament constituting the steel cord is within a range of 0.125-0.275 mm. 

[0050] As a fifth experiment, there are firstly provided experimental tires W 1( W 2 , W 3 having the same structure as 
the tire 1 shown in Fig. 1 and the same tire size as in the first experiment, wherein the cord used in the plies 6-1 , 6-2 of 
the carcass 6 is a steel cord having a twisting structure of 1 x 5 x 0.15 (filament diameter = 0.15 mm) in the tie W 1f a 
35 rayon cord of 1650D/2 (SI unit: 1840 dtex/2) in the tire W 2 , and a polyester cord of 1500D/2 (SI unit: 1670 dtex/2) in the 
tire W 3> respectively. Then, a deflection ratio (%) at an inner pressure of zero is measured, and thereafter a running dis- 
tance on drum until the occurrence of troubles is measured at the inner pressure of zero under a condition that the load 
and peripheral speed are the same as in the first experiment. 

[0051] The deflection ratio (%) is represented by a percentage ((6/SH) x 100) of a value of a ratio of deflection 6 (mm) 
40 of the tie at the inner pressure of zero under a load of 570 kgf to a tire height SH (mm) when the tire is inflated at an 
inner pressure of 1 .5 kgf/cm 2 corresponding to the load of 570 kgf (according to JATMA YEAR BOOK-1998). The meas- 
ured result of the deflection ratio is 35.0% in the tire W 1t 37.8% in the tire W 2 and 38.5% in the tire W 3 , respectively. 
And also, the running distance on drum until the occurrence of troubles is represented by an index on the basis that the 
tire W 2 is 100 and shown in Fig. 9. As seen from Fig. 9, the tire using the steel cord having a high bending rigidity is 
45 excellent in the run-flat durability. 

[0052] As the steel cord, it is favorable to use steel cords having a high elongation property that total elongation at 
break of a cord at a bare state (according to JIS G-3510-1986) is not less than 3.5%, desirably not less than 4.0%. 
Moreover, such steel cords are desired to have a property based on the following test 

[0053] In Figs. 2 and 3, a ratio of total area of steel filaments occupied in an area of a cord composite excluding a 
so portion projected from an outermost filament (area occupying ratio R) in a length of 15 mm in a longitudinal direction 
optionally selected from the X-ray photograph of one steel cord-rubber composite, which is taken out from the plies 6- 
1 . 6-2 of the carcass 6. is within a range of 0.45-0.95. The length 1 5 mm in the longitudinal direction of the cord means 
15 mm as a cord length in the X-ray photograph. The area occupying ratio R is represented by R = F/A when an area 
of cord-rubber composite (shadowed portion) as a whole is A and an area of total filaments occupied in the composite 
55 is F. 

[0054] In case of the carcass 6 of one ply, the area occupying ratio R is an average of 1 0 measured values when an 
X-ray is irradiated to the sidewall portion 3 in the vicinity of a position S of a maximum width of the tire 1 from a direction 
perpendicular to the surface of the sidewall portion 3 at 10 places in the circumferential direction of the tire by using K- 
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it is 



TO 



15 



20 



riiZS \l J I °- Ud t0 ° btain 10 X " ray P hot °9 ra P hs When «" carcass 6 is comprised of two plies, rt is 

pLrh ItS If measurement the steel cord-rubber composites in these plies overlap with 

Sn2?n S r P " ,S take " ° Ut ,r ° m the tire 1 • the X " ray P hot °9«Ph with respect to the each ply E 

SUSS. ^ ment ' 0ned ^ t0 d6termine 1,16 arSa ° CCUPying rati ° R as an avera 9 e of 1 0 maa * 

♦nmol W i en , the area 0CCU Py jn 9 ratio R is less than 0 45, a contact area between each filament and rubber increases 

LrXnSt *K C0 T° n - P :° ; pa9ati0n thr ° U9h W3ter COnt6nt but a ,ensi,e modulus as tne ^eel cord becomes Too S 
5 „ £ e u 6nd,ng r,9KJ,,y requ,red in the carcass 6 can not be satisfied, while when the area occupying ratioR 
exceeds 0.95. the filament itself hard.y deforms and the resistance to compression fatigue is degSdS MoreoVe the 
area occupying ratio R is preferably within a range of 0 50-0.90, more particularly 0 55-0 75 MOreov er, »» 

[0056] The steel cord having an area occupying ratio R of 0.55-0.75 is so-called open twisted cord having a wide 
££L T ? 2 a " ° Uter enV6l0P in WhiCh ,i,amentS are substantiaHy independent in rubber mlthx and 
J , 3 31 mOSt By USi0g SUCh 30 °P en steel cord - run-flat durability can be more 

improved over a full runnmg distance of the tire 1 because (1) a greater amount of rubber can be penetrated into to 
-ns.de of the steel cord to increase to bending rigidity of to steel cord and hence the dane^ZSTSt^rT? 

£Z SS^i? T 66 h" 10 " ? 6CreaSed t0 m ° re C ° ntribUte t0 the -P-ement of to 
(2) the contact area between rubber and each filament in the steel cord is increased to control abrasion due to friction 
befcveen mutual filaments or fretting and to deterioration of the corrosion resistance of the steel cord due to the Sng 
* ,mP . ; and P inCre3Se * thS COnteCt area between rubber and ea ' h «'ament conSKJS 

rru 9 rrrnr^ 

Examples 

25 55?1 ll^ 656 l Xampl6S ' tha : e is pravided a Pneumatic radial tire having a size of 21 5/65R1 5 and a structure shown 

rsisrr r - ??*" - s a ^ p,y structure comprised ° f a turnup p,y 60 and a «™ & «* * be ^ 

a rubberized ply of rad.al-arranged rayon cords of 1 650 D/2 (1 840 dtex/2 in SI), and to belt 7 is comprised of UnSSt 
cord cross layers 7-1 . 7-2 and a helically wound and rubberized layer 7-3 of nylon-6 6 cords ^ StSe ' 

[0058] With respect to tires of Examples 1 -6. JIS A hardness Hs(R) of reinforcing strip rubber 8 and JIS A hardn^ 
so Hs(F) of bead filler rubber 9 at 25°C, ratio Hs(R)/Hs(F). rebound resilience R R ^^S£^ nSStl!i 
rebound resilience R F (%) of bead filler rubber 9 at 25°C. maximum gauge G R (mm) of renfoTcKb rubber 8 Z ? 
•mum gauge G F (mm) of bead filler rubber 9 and ratio G F /G R are shown'in Table 2 ^JlJSffi. ofTe C0 Z-" 
■onal tare and comparative tire. Moreover, the height of to reinforcing strip rubber 8 to the radial dirSon 2 the tire ?s 

« ^2£Tlr d 6 h6,9ht ° f the bSad ,i,,er rubber 9 in the radial direction of th * tire is 47 (mm) in these tires 

35 [0059] The test for the run-flat durability on a drum is carried out by applying a load of 54oTgf (correspondina to 76% 

l^TZ^ CaP f ty c deSCfibed " JA ™ A YEAR B OOK-1997) to each' test tire JeS^Ts^S^ 
Example and Comparative Example under an internal pressure of zero The running distance (km) until the occurence 

?0? 'su^rrnr^, 35 T" f,at dUrabi,ity ^ ,S re P resented » « "*« on the basis tha\ ti^SSSSIS 

« ZhXr^Z U r e th.tr m 3 '° Wer ^' Umn ° f TaWe 2 t096ther Wrth an index of < index 01 run ™9 distance/totS 
weight (kgf^ and further the failure position shown in Fig 5 is shown in a lowest column of Table 2 as symbols a-d The 

Ss?^^ in 9 di*ance)*ot^^ 



Table 2 





Items 


Conventional 
Example 


Comparative 
Example 


Example 


50 








1 


2 


3 


4 


5 


6 


Hardness of 
rubber 8, Hs(R) 
(degree) 


79 


70 


79 


70 


79 


79 


79 


79 


55 


Hardness of 
rubber 9, Hs(F) 
(degree) 


90 


80 


79 


70 


79 


79 


79 


79 
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Table 2 (continued) 



10 



25 



Items 


Conventional 
Example 


Comparative 
Example 


Example 








1 


2 


3 


4 


5 


5 


Ratio 

Hs(R)/Hs(F) 


0.88 


0.88 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


Rebound resil- 
ience of rubber 
8(%) 


65 


65 


65 


80 


65 


65 


65 


65 


Rebound resil- 
ience of rubber 
9 (%) 


50 


65 


65 


80 


65 


65 


65 


65 


Maximum gauge 
G R (mm) 


11.0 


11.0 


11.0 


11.0 


11.0 


11.0 


11.0 


11.0 


Maximum gauge 
G F (mm) 


5.5 


5.5 


5.5 


7.5 


5.0 


7.5 


9.9 


11.0 


Ratio G F /G R 


0.50 


0.50 


0.50 


0.70 


0.45 


0.70 


0.90 


1.00 


Running dis- 
tance on drum 
(index) 


100 


102 


130 


170 


106 


168 


160 


142 


Distance/total 
weight (index) 


100 


102 


130 


164 


106 


162 


151 


126 


Failure position 


a 


a 


d 


d, C 


d 


d.C 


d. c 


C 



30 [0060] As seen from the values of running distance on drum (index) or values for the run-flat durability in Table 2, the 
tires of Examples 1-6 develop a considerably excellent run-flat durability as compared with those of the conventional 
tire and comparative tire but also are remarkably superior in the distance/total weight or index value of (index of running 
distance)/total weight (kgf) to the conventional tire and comparative tire. 

[0061] Moreover, it has been confirmed that even when the steel cord is applied to only the turnup ply 6-1 or both 
35 turnup ply 6-1 and down ply 6-2 in the carcass 6 of tire 1 (having the same tire size as mentioned above), the run-flat 
durability and the (index of running distance)/total weight (kgf) are considerably improved likewise the tires of Examples 
1 -6 as compared with the conventional tire using the same kind of the steel cord ply. Therefore, the tire using the steel 
cord in he carcass ply according to the invention is adaptable to applications capable of allowing a slight increase of tire 
weight. 

40 [0062] According to the invention, there can be provided pneumatic tires capable of developing considerably excellent 
run-flat durability as compared with the conventional run-flat tire under the same weight as the conventional tire only by 
specifying values of J IS hardness and rebound resilience in the bead filler rubber and reinforcing strip rubber, specifying 
the range of hardness ratio between both the rubbers, and further specifying the range of ratio ol maximum gauge of 
the reinforcing strip rubber to maximum gauge of the bead filler rubber while applying the organic fiber cord or the steel 

45 cord to the carcass ply 

Claims 

1 . A pneumatic tire (1) comprising a carcass (6) comprised of at least one rubberized ply of a radial arrangement rein- 
so forcing a pair of sidewall portions (3) and a tread portion (4) between a pair of bead cores (5) embedded in a pair 
of bead portions (2), a belt (7) comprised of two or more cross cord layers (7-1 ,7-2) reinforcing the tread portion (4) 
on an outer periphery of the carcass (6), and a pair of reinforcing strip rubbers (8) having a crescent shape in sec- 
tion thereof and located at an inner face side of an innermost carcass ply (6-1 ) so as to extend from a position near 
to the bead core through the sidewall portion to an end of the tread portion, characterized in that each of a bead 
55 filler rubber (9) and the reinforcing strip rubber (8) has a JIS A hardness at 25°C of not less than 70 degrees and a 
rebound resilience at 25°C of not less than 65%, and in that a ratio of JIS A hardness of the reinforcing strip rubber 
(Hs(R)) to JIS A hardness of the bead filler rubber (Hs(F)) is within a range of 0.9-1 .15. 
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iS ZT^Tr^S 1" "'I"" 1 ; ■ CharaCterized in that the «« ™*>er (9) and the reinfordng strip rubber 
h \ 9 9 * 3 at '° ° f max ' mum 9au9e Gf (mm > of fu " ^ ,i,,er r "bber as measured in a normal 
■ 3n ° Uter ^ ° f 1,16 innerm0St CarC3SS p,y in the vicinit V of the «** Periphery of the bS 
K2J^!33r 9aU9S ^ (mm) ° f fU " reinforCin9 SfriP mbber 35 m6aSUred in a ^rmal di4ion drawn to an 
of 0 5 0 T C3rCaSS P " in ^ ViCinit/ ° f tHe maXimum Width P ° Siti0n 01 tne ,ire is within a 

A pneumatic tire as claimed in claim 1 or 2, characterized in that said carcass (6) comprises a turnup ply (6-1) 
co ; e W from »• in-d. of the tire toward the outside and a doTn p*<6-2) doping a 
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FIG. 2 



Longitudinal direction of cord 
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FIG. 3 



Longitudinal direction of cord 
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FIG. 5 
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FIG. 8 
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(54) Pneumatic tires 

(57) A pneumatic tire comprises a carcass (6) of at 
least one rubberized ply of a radial arrangement, a belt 
(7) comprised of two or more cross cord layers , and a 
pair of thick reinforcing strip rubbers (8) located at an 
inner face side of the carcass and having a crescent 
shape in section thereof. A bead filler rubber (9) and the 
reinforcing strip rubber (8) each have a specified J IS 
hardness at 25°C of not less than 70 degrees and a 
rebound resilience at 25°C of not less than 65%, and a 
ratio of JIS A hardness of the reinforcing strip rubber to 
JIS A hardness of the bead filler rubber is within a range 
of 0.9-1.15. 
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